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COOKING VARIABIES IN �YCLING NEWSPRINT 
ABSTRACT 
The purpose of this paper was to compare the effect of some 
cooking variables on the brightness of the final sheet and the yield 
per cook in recycling newsprint. The cooking variables examined were:
the kind:of cooking chemical, the amount of cooking chemical, and the 
cooking temperature. The cooking variables, that were held constant, 
were pressure, time, agi:tation, and consistency of the cooks. The 
newsprint was cooked in an apparatus similiar to a hydrapulper� The 
brightness decreased with both increased temperature and increased 
percent addition of chemicals. The yield decreased with both, increased 
temperature and increased percent addition of chemicals. 
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Introduction 
The first part of the nineteenth century saw a rapid development 
in the use of paper machines with a consequent reduction in paper 
manufacturing cost and an increased paper consumption,(4) This led 
to an increased demand for papermaking fibers. The lack of enough 
rags to supply the manufactures with the papermaking fibers led to the 
deinking of waste paper to supply papermaking fibers. 
The development of mechanical and chemical wood pulps during the 
latter half of the nineteenth century gave added impetus to paper 
consumption and to an increasing use of waste paper,(4) The ever 
greater number of uses for paper has led to an ever greater demand 
for paper, The demand for paper has led to more deinking of paper 
to supply more papermaking fibers. 
As population of the world keeps growing the c;emand for paper 
grows, This causes a greater demand for papermaking fibers, The 
demand will put a strain on the amount of virgin wood fibers.available 
for papermaking, unless the deinking of waste papers is greatly increased 
to give more papermaking fibers. 
The important reasons for deinking waste paper are the following(5): 
1. Conservation of virgin pulpwood,
2, Low cost of fibers produced. 
J. Lower initial cost of deinking equipment verses the cost
of virgin wood pulping equipment,
4. Turning a waste material into an useable material.
The major advantages of deinking waste paper verses virgin fibers 
are the following:(5) 
1. Freedom from complete dependence on market pulp,
2, Reliable source of pulp during times of market pulp shortage. 
J. Price usually favorable compared to corresponding grades of
market puip,
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d. Softer and less tinny character
e. Less curling tendency due to changes in moisture content.
The deinking of waste paper is becoming ever more important. As 
the concern over conservation and pollution abatement becomes greater, 
the amount of deinking will become greater. The economic factors of 
deinking will cause deinking to increase. The economic factors are less 
capital investment and cheaper fiber source. 
Deinking 
Deinking is the operation of reclaiming fiber from waste paper by 
removing ink, coloring materials, and fillers(1). ·The deinking of waste 
paper is the removal of all undesireable materials and inks from the 
waste paper slurry. The process of deinking is a combination of mechanical 
action for the disintegration of the waste paper and chemical action to 
remove the ink from the waste paper. The non-fiber material in the 
waste paper is from one percent to fifty percent of the total weight. 
Of the non-cellulosic material the ink is only one percent to two percent.(16) 
The printing inks for letterpress are made up of forty-eeven percent 
refined kerosene, twelve percent lime rosin, fifteen percent mineral oil, 
three percent carbon black, three percent furnace black, and twenty 
percent industrial grade grease(2). The combination of these materials 
gives a cheap and quick drying ink. The news inks are hard to remove, 
because the news inks are very tacky, 
There are four major steps in the production of deinked stock. 
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The steps a.re the fo1lowing(J)1 
1. Sorting, Dusting, and Shreading
2. Cooking and Defibering
J. Washing
4. Bleaching
Sorting, Dusting, and Shreading 
Sorting is done to remove all objectionable materials from the 
waste paper before deinking begins. The removed materials a.re paper 
clips, pins, metal pieces, rubber bands, etc., and those papers that 
do not lend themselves to successful deinking. The hand sorting of 
waste p�per is not practiced any more, since the high cost of labor 
· has made it unprofitable to separate the waste paper into grades by
hand. The dusting of waste paper is done to remove dirt, that is in
the waste paper bales. The disintegration of the waste paper takes
place in the hydrapulper during the cooking cycle, so shreading is not
necessary any longer.(J)
Cooking and Defibering 
The cooking and defibering is accomplished by chemical action am 
mechanical action on the waste newsprint. Cooking is the treatment of 
waste newsprint in a chemical solution at an elevated temperature.to 
loosen the ink by saponification of the base. The defibering is 
the mechanical action, causing the disintegration of the waste news­
print by attacking the various binding materials. The cooking is the 
chemical action, causing the saponification of the inks.(11) 
The cooking variables are the following(11): 
1. Kind of chemicals used.(depends on type of waste paper)
2. Amount of chemicals used.(depends on type of waste paper)
J. Consistency of the pulp(J% to 30%)
4. Temperature(100F to 160F)
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5. Pressure(atmospheric to JO psi)
6. Time (depends on other cooking variables)
7. Agitation
The variables exa.�ined in this thesis were the kind of chemicals, 
the amount of chemicals, and the temperature used in the deinking of the 
newsprint. The time of the cook, the pressure of the cook, the consistency, 
of the cooks, and:the �gitation were all held constant. The time of 
the cooks was held at thirty minutes. The pressure of the cooks was 
at atmospheric pressure. The consistency of the cooks was four percent. 
The agitation of the cooks was at high agitation speed for thirty seconds 
to defiber the stock and at low agitation speed for thirty minutes to 
provide the slurry with enough agitation for the chemical action to take 
place. The temperatures used were 100 degrees F, 125 degrees F, and 
150 degrees F. The cooking chemicals used were caustic soda, soda 
ash, sodium peroxide, hydrogen peroxide, sodium silicate, zinc 
hydrosulfite, sodium tripolyphosphate, and Triton X-114. 
The following are the general requirements for a deinking formula(J)i 
1. A chemical to sapanify the varnish or vehicle of the ink.
2. A detergent
J. A dispersing agent to prevent the agglomeration of the pigment
after release from the fibers.
4. A softening agent to dissolve the oxidized vehicle in the ink.
The Chemicals Used In Deinking 
The chemicals most commonly used in dcinking are caustic soda 
and soda ash. These chemicals are used in combination or alone in 
deinking. The use of caustic soda will .speed up the deinking operation, 
but it causes a decrease in yield and a yellowing of high e;roundwood 
content waste papers. The soda ash has a greater yield per cook, but 
a longer cooking cycle. The soda ash does not yellow high groundwood 
content waste papers like caustic soda does. Caustic soda ls replacing 
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soda ash in the cooking process, because its greater ability to 
saponify inks and the shorter cooking cycle. It is sometimes found 
that the combination of caustic soda and soda ash gives the best 
results in the deinking of waste papers.(6) 
The peroxides and silicates are being used for the higher 
groundwood content waste papers. The hydrogen peroxide and sodium 
peroxide are used to eliminate the yellowing in high groundwood papers, 
due to the action of high temperature and the strong alkali during the 
cooking cycle. The peroxides aid in defibering, ink separation, and 
modification of the ink vehicle. The peroxides aid in brighting the 
waste paper stock by a bleaching action.(?) Silicates are usually used 
in combination with the peroxides in the cooking of waste papers. 
The reasons, that silicates are used, are wetting action, saponification 
of oily inks, dispersion of pigments, and protection of the pulp from 
absorbing the loosened materials. One virtue of the silicates in deinking 
is the fact that the ink is lifted off the fiber and is not dissolved 
off the fiber. The silicates also stabilize the peroxides and have 
alkaline properties to aid in ccoking.(8) 
The zinc hydrosulfite is a brightness increasing agent, that 
is used in combination with caustic soda an:i soda ash. The Triton 
X-114 is a detergent. The Triton X-114 is also a nonionic surfactant.(9)
The sodium tripolyphosphate is used as a dispersing agent. 
WASHING 
The deinked stock Has diluted and washed throughly to remove all 
the material:;., that were dissolved in the cooking process from the 
fibers. The washing of the pulp was done on a sidehill screen in 
the experimental work on this thesis, 
BLEACHING 
The bleaching of the dei.nked stock depends on the final properties 
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wanted in the. tock. The type of bleaching depends on the types of 
deinked stock. The bleaching of newsprint can be done with hydrosulfite 
or peroxides. The bleaching of groundwood can be done in the cooking 
cycle while deinking. No bleaching was done in this experimental 
work. 
THE PURPOSE OF Tl-re THESIS 
The purpose of the thesis was to determine the effect, that certain 
cooking variables have on the final deinked newsprint stock. The 
cooking variables examined were the kind of chemicals, the percent 
addition of chemicals, and the temperature of the cook. The chemicals 
used were caustic soda, soda ash, sodium peroxide, sodium silicate, 
hydrogen peroxide, sodium tripolyphosphate, zinc hydrosulfite, and 
Triton X-114, The temperatures used were 100 degrees F, 125 degrees 
F, and 150 de·grees F. The percent addition of the chemicals can be 
found in the experimental �cedure. The evaluation of the cooks was 
made by using the yield per cook and the brightness of the final 
paper made from the cook. The variables, that were held constant, 
were pressure, agitation, time, and the consistency of the cooks. 
The pressure was atmospheric. The agitation was thirty seconds at 
high speed and thirty minutes at slow speed. The time of the cooks 





Objective of Thesis 
The objective of this thesis was to comi:are the effect, that some 
of the cooking variables had on the yield and brightness of deinked 
newsprint. The cooking variables examined. in this thesis were 
different temperatures, different cooking chemicals, and different 
percent addition of chemicals. The cooking variables, that were held 
constant, were time, pressure, agitation, and consistency of the cooks. 
The·.temperatures used were one hundred degrees F, one hundred and twenty-
-fl ve degrees F, and one hundred and fif(y degrees F. The chemicals used
were caustic soda, soda ash, sodium peroxide, hydrogen peroxide, sodium
silicate, zinc hydrosulfite, Triton X-114, and sodium tripolyphosphate.
The detailed formulas for the cooks can be found on the following pages
and in Appendix A. The pressure of the cooks was atmospheric. The
consistency of the cooks was four percent. The time of the cooks was
thirty minutes. High speed agitation was used for thirty seconds and
slow speed .agitation for thirty minutes. The source of the newsprint
was the Western Herald. The apparatus used in the cooking of the waste
newsprint is shown on the next page. The apparatus works like a hydrapulper.
1 {,'ter 6ec,ke;
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Procedure for Running the Cooks 
1. Weigh out eighty gra.rr.s of newsprint(oven dry weight).
2. Tare the newsprint into small pieces.















Weigh out the needed amount of chemicals for each run( all chemicals
will be added on the basis of dry fiber weight).
Mix all the chemicals into the water except for the zinc hydrosulfite.
Place the beaker into the apparatus.
Heat the mixture up to the desired temperature.
Disperse the newsprint in the water using the high speed agitation
forty percent on the Vari-Act for thirty seconds.
Maintain the temperature and reduce the mixer to t�e slow speed
agitation setting of thirty-two percent of the Varl-Act for thirty
minutes.
If zinc hydrosulfite is used the chemical should be added twenty
minutes into the cook.
After the thirty minutes the cook is dumped and allowed to stand
for two hours to let the chemicals work to exhaustion.
The stock is diluted and washed twice on a sidehill screen.
The yield for the cook is determined and recorded.
The pulp is made into han,, e;heets using the Noble and Wood Sheetmold.
The handsheets will be made at 1.25 grams.
The handsheets were tested for brightness.
The handsheets were saved to show what the paper fro� the finished
pulp looked like.
The data on the yields and brightness was analysized to see the,
effect, that temperature, chemicals, and percent additions of chemicals
had on the finished pulp.










Table of Chemicals and Temperatures Used For Cooks 
Temperature I 10c°F 1250F 1.5()t>F 
Chemicals Used 
-
None None None None 
Caustic Soda 1%,3%,5% 1%,3%,5% 1%, 3%, 5% 
-�, . ...  _ --� -




with 5% soda Ash 
Sodium Peroxide 
with 5% Sodium Silicate 
Caustic Soda 
with 5% Soda Ash and 1% zinc 
hvclrosulfite 
Caustic Soda 
1%, 2%, 3% 11%, 
1%, 2%, 3% 1%, 
1%, 3%, 5% 1%, 
1%, 2%, J% 1%, 
1%, 3%, 5% 1%, 
2%, 3% 1%, 2%, 3% 
2%, 3% 1%, 2%, 3% 
3%, 5% 1%, 3%, 5% 
2%, 3% 1%, 2%, 3% 
3\, 5% 1%, 3%, 5% 
with 5% Soda Ash, .5rn1 of Triton 1%, 3%, 5% 1%, 3%, 5% 1%, 3%, 5%X-114, and 1% Sodium Tripolyphos-
Phate 
Sodium Peroxide 
with 5%.'Sodium Silicate, .5m1 1%, 2%, 3% 1%, 2%, 3% 1%, 2%, 3% Triton X-114, and 1% Sodium 
Tripolyphosphate 
Caustic Soda 
with 5% Soda Ash, .5m1 Triton 
X-114, 1% Zinc Hydrosulfite p and
1%, 3J;, 5%. 1%, 3%, $'o 1%, 3%, 5%1% Sodiw;i Tripolyphosphate
l . -l'k-
A more detailed table for the t�mperatures and the chemicals in 
each of the cooks can be found in Appendix A. The tables in Appendix A 
show the amount of chemicals needed in ·both percent and grams foz: each 
cook. The tables in Appendix A also show the cooks· that were not run 
and the cook numbers for the cooks, that were run. 
l - -. l -
I 
_,. 

















The cooks, that gave the best brightness results, were the ones 
using sodium peroxide with sodium silicate, Triton X-114, and sodium 
tripolyphosphate. The cook ,that gave the worst brightness, was the 
one using five percent r'.�ustic soda and five percent soda ash at 150
°
F. 
The second worst cook i · brightness was five percent caustic soda at 
1.50°F. The complete r lking of the cooks for best brightness can be 
found in Table II of Appendix B. 
The best yield was with the co\k using one percent sodium peroxide 
and five percent sodium silicate at 125�F. The second best yield was 
with the cook using three percent caustic soda, five percent soda ash, 
one percent zinc hydrosulfite, ._5ml Triton X-114, and one percent sodium 
0 tripolyphosphate.at 12.5 F. The worst yield was with the cook using 
one percent caustic soda, five percent soda ash, • .5m1 Triton X-114,and 
one percent sodium tripolyphosphate,at 100
°F. The second worst yield 
was with the cook using no chemicals at 1.so°F. The complete ranking 
for the cook can be found in Table III of Appendix B. 
The best result for combined ranking was the cook using one percent 
sodium peroxide, five percent sodium silicate, .5ml Triton X-114, and 
� 
one percent sodium tripolyphosphate at 125 F. The second best result 
for combined ranking was the cook using two percent sodium peroxide, 
five percent sodium silicate, .5ml Triton X-114, and one percent sodium 
tripolyphosphate at 1.5(PF •• The worst result for the combined ranking 
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was the cook using five percent caustic soda and five percent soda 
f} 
ash at 1.50 F. The second worst result for combined. ranking was the 
0 
cook using three percent caustic soda and five percent soda ash at 1.50 F. 
All the combined ranking values for the cooks can be found in Table V of 
Appendix B. 
All data collected for the cooks can be found in Table I of Appendix 
B. Appendix B contains bar grffhs of Cook Number verses Brightness and
Yield. Appendix B contains graphs of Temperature verses Brightness and 
Yield for all cooks. Appendix B contains graphs of Percent Addition 
of Chemical verses Brightness and Yield for all the cooks. The Appendix 
B contains bar graphs of Ranking for Best Brightness verses Brightness 
and Ranking for Best Yield verses Yield. A sample of each cook
i 
can be 




The brightness decreases for cooks with increased temperature. 
The yield decreases for cooks with increased temperature most of the 
time, but for some of the cooks the yield increased with increased 
temperature. The brightnes decreased for the cooks with increased 
addition of chemicals. The brightness remained basically constant 
for the set of cooks using sodiwn peroxide and sodiwn silic�te for 
increased additions of these chemicals. The yield decreases with 
increased. chemical addition for most of the cooks. The cooks that 
gave the best brightness were the cooks using sodium peroxide, sodium 
silicate, Triton ��11�,and sodium tripolyphosphate. The results 
for best brightness can be found in T:a.ble II. The results for 
best yield can be found in Table III. The results for the best 
combined ranking of yield and brightness can be found in Ta1le v.
The cooks, that contained. the combination of Triton X-114 and 
sodium tripolyphosphate, had ink spots in the final sheet. The ink 
spots were caused by the fact that small ink balls were formed in the 
cooking process. The ink balls were not removed when the pulp was 
washed on the sidehill screen. I think that if the pulp had been 
washed on the flotation cell the ink balls could have been removed. 
Th� removal of these ink balls might have increased the brightness p 
but the yield mo.st; 'likely would have :bee.n decreased. 
The cooks using caustic soda had the tendency to cause the pulp 
to turn yellow in color. This yellow color is dim to the high 
groundwood content of the recylced paper. The caustic sod.a cooks 
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Procedure for Running the Cooks 
1. Weigh out eighty grams of newsprint(oven dry weight)
2. Tare the newsprint into small pieces •.
J. Measure t�o liters of water into the four liter stainless steel
beaker.
4. Weigh out the needed amount of chemiicals for ea.ch1,cook( all chemicaj.s
will be added on the basis of dry fiber weight).
5. Mix all the chemicals into the water except for the zinc hyd:rosulfite.
6. Place the beaker into the apparatus.
7. Heat the mixture up to the desired temperature.
8. Disperse the newsprint in the water using the high speed agitation
forty percent on the Vari-Act for thirty seconds.
9. Maintain the temperature and reduce the mixer to the slow speed
agitation setting of thirty-two percent of the Vari-Act for thirty
minutes.
10. If zinz hydrosulfite is used the chemical should be added twenty
minutes into the cook.
11. After the thirty minute<:\ the cook is dumped and allowed to stand
for two hours to let the chemicals work to exhaustion.
12. The stock is diluted and washed twice on a sidehill screen.
1J. The yield for the cook is determined and recorded. 
14. The:pulp is made into handsheets using the Noble and Wood Sheetmold ••
The handsheets will be made at 1.25 grams.
15. The handsheets were tested for brightness.
16. The handsheets were saved to show what the paper from the finished
pulp looked like.
17. The data on the yields and brightness was analysized to see the effect,
that temperature, chemicals, and percent addition of chemicals had • 





Calibration Data for Temperature Control With the Vari-Act 
_,_ .. ___ 
· Voltage Run I Run iI Run III Run IV Run V Run VI Average temp,
-·
0 volts 7/,(/f' I 7/, 'f °F 1tit� °F �'i-8°1� 1),5°F 6'1, 'i0r 11, I 0P l ·---·-1• 
10 vol ts '!).. 3"f 13,Y0f I 1J,D°F 1,, '-l()F 13,0
°
f '/).,O'F'- 1 ), 1 °P 
20 volts '}(o,/'t IJ(p C, c
,... 
, I r 
30 volts 11 .. tf fJ,'iu�
40 volts 16, �
t,f 1ft;,Y'?� 
50 volts l/� 11
dp 1/'l.t
)F 
60 vol ts 110,0 "r I 3'l1.l.
°
F
70 volts 1,1, "f /(p),(J
D
f 
80 voltf NJ,2't 11{/j�
75.). op 1'J,tl°F '}�, I OF 1�J. o� 
'&'J, '-{
O
f 8J.'a0f <i"/,J °t= 'i/, 5 (.)� 
fl/it �f 1,(0
°
� 1t/lt� 7'/,l .,f 
113,1:; �/6,(p°f.'t1J,/ °F ''f 113,0·. 
... I 
�., 
11.s: I) vf I /3'/.{p,.





























The chemicals were added on the casd.s of dry fiber lteight.. 






Weight of 0her-:ica.l Needed if Pure 
, I+ grams 
• 8 gl'8.I;1S 
1 • 6 f;!.'B.!!IS 
2.4 g:rams
4.0 grams 

























Table of Cooks 
The following are block diagrams f6r the cooks. The block diagrams 
assign cook numbers and X. in a block means that cook will not be run. 
The block diagram also tells the kindrof chemicals, the amount of chemicals, 

















X- means a cook will not be run ,
A numbe1· means a cook will be run
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100°F 11 12 1J 
125
°
F X X 14 
150°F 15 16 17 
Chemicals used 1% caustic 3% Caustic 
)io Caustic 
5% soda ash 501 Seda Ash 5% Sod.a Ash '/0 
Temperature 
100
° F X. 18 X 
125�
1
F 19 20 21 
() 
2) 24 150 F 22 
., 
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1% Sodium Peroxide 2% Sodium J% Sodium 
Chemicals used 5% Sodium Silicate Peroxide< Peroxide 





F 25 26 27 
125 °F 28 -29 JO 
1,50° F X X·'. J1 
1% Caustic 3% Caustic 5% Caustic 
Chemicals used 
5% soda Ash 5% Soda Ash 5% Soda Ash 
1% zinc 1% Zinc 1% Zinc 




F J2 33 J4 
12,s°F 35 36 37 
1,50
°
F X 38 Xr. 
Chemicals used! 
1% Hydrogen 2% Hydrogen 3% Hydrogen 
Peroxide Peroxide Peroxide ' 
Temperature 
100�F 39 40 41 
125 F 42 X X 































1% Caustic 3% Caustic 5% Caustic 
5% Soda Ash 5% soda Ash 5% Soda Ash 
• S.,11 Tri ton X-114 .5ml Triton X-11� .5m1 Tr1+,on X-114 
1% Sodium 1% Sodium 1% Sodjum 
Tripolyphosphate Tripolyphosphate Tripolyphosphate 
46 47 48 
49 X X 
.50 51 52 
1% Sodium Peroxide 2% Sodium Peroxide 
5% Sodium s1\� -�ate 
- 3% Scdium Peroxide
5% Sodium Silicate 






1% Caustic Soda 
5'/�Soda Ash 














3% Caustic Soda 
5% Soda Ash 

















5% Caustic Soda 
5% Soda Ash 



















































































































Table of Cooks 











.Sg Sodium Peroxide 
1.6g Sodium Peroxide 
2 .LJ.g Sodium Peroxide
2.4g Sodium peroxide 
.8g Sodium Peroxide 
1.6g Sodium Peroxid\ 
2.4g Sodium Peroxide 
2.4g Caustic, 4.0g Soda Ash 
.8g Caustic, 4.0g Soda Ash 
2.lig Caustic, 4.0g Soda Ash 
4.0g Caustic, ,4.0g Soda. Ash
.Bg Caustic, 4.0g Soda Ash
2.4g Caustic, 4.0g Soda Ash 
4.0g Caustic, L1-.0g Soda Ash 
.8g Sodium Peroxide, 4�0g Sodium Silicate 
1.6g Sodium Peroxide, 4.0g Sodium Silicate 
2.4g Sodium peroxide, 4.0g Sodium Silicate 
.8g Sodium Peroxide, 4.0g Sodium Silicate 
1.6g �odium Pe oxide, 4.0g Sodium Silicate
2.4G Sodium Peroxide, 4.0g Sodium Silicate
2.4g .:jodium Peroxide, 4.0g Sodium Silicate 
.8g Caustic, l1-.0g Soda Ash, .8g Zinc Hydrosulfite
2 .4g Cau.stic, 4.0g Soda Ash, .8g Zinc Hydrosulfite
li.Og CF�u::;tic, h.Og Soda Ash, .8g Zinc H drosulfite
• Sg Caustic, IJ.,Og Soda Ash, .8g Zinc Hydrosulfite
2.1ig Cn,stic, l�.Or; Soda Ash, .8g Zinc Hyd.rosulfite
4.0g Cau:;tic, 4.0g Soda Ash, .Bg Zinc Hydrosulfite
2.4g Caustic, h.Og Soda Ash, .8g Zinc Hydrosulfi te
.8g H,vdrogon Peroxide 
1.66 Jydrogc:n Peroxide 
2.4g Hydroc;cn Peroxide 
.8g Hydrogen Peroxide , 
.86 Hynror,en Peroxide 
1.6c H:.-drogen Peroxide 
Z , !J-p; hj"d:rogen Peroxide 
.Sr,· Caw;Lc, l� .0g Soda Ash, .5ml 1'r1 ton .x�114, · .8g 
Sodium TTiil?1yphosphate 
47 2 . 4 ,� Cau�;tic, I} .Og Soda Ash, .5ml Tri ton X-114,
.8g Sodll.l�1 Tripolyp)1osphate 
48 1.1,.oe; C�u::;tic, 4.0g Seda Ash, • 5ml Trl ton X-114, 
, .86 Sod lum Tril,olyphosphate 

















































Chemicals Needed(in grams) 
,8g Caustic, 4,0g Scxia Ash, .5ml Triton X-114, 
.8g Sodium Tripolyphosphate 
,8g Caustic, 4,0g Soda Ash, ,5ml Triton X-114, 
,Sg Sodium Tripolyphosphate 
2.4-g Caustic, 4,0g Scxia Ash, ,5ml Triton X-114 
,8g Sodium Tripolyphosphate 
4,0g Caustic, 4.0g Soda Ash, ,5ml Triton X-114 
.8g Sodium Tripolyphosphate_ 
,8g Sodium Peroxide, 4,0g Sodium Silicate, .5m1 
Triton X-114, ,8g Sodium Tripolyphosphate 
,8g Sodium Peroxide, 4,0g Sodium Silicate, .5ml 
Triton X-11�, ,8g Scxiium Tripolyphosphate 
1.6 Scdium Peroxide, 4,0g Sodium Silicate, ,.5ml 
Triton X-114, .8g Sodium Tripolyphosphate 
2,4g Sodium Peroxide, 4,0g Sodium Silicate, ,5ml 
Triton X-114, .8g Sodium Tripolyphosphate 
,8g Sodium Peroxide, 4.� Sodium Silicate, ,5ml 
Triton X-114, .8g Sodium Tripolyphosphate 
1,6g Sodium Peroxide, 4.0g Scxiium Silicate, .5ml 
Trit&n X-114, ,8g Sodium Tripolyphosphate 
2.4g Sodium Peroxide, 4,0g Scxiium Silicate, .5ml 
Triton X-114, .8g Sodium Tripolyphosphate 
.Sg Caustic, 4,0g Soda Ash, .5ml Triton X-114, 
,8g Sodium Tripolyphosphate, ,8g Zinc Hydrosulfite 
2.4g Caustic, 4.0g Soda Ash, ,5nl Triton X-114, 
,8g Sodium Tripolyphosphate, .Sg Zinc Hydro�ulfite 
4.0g Caustic, 4.0g Soda Ash, .5ml Triton x�t14, 
.8g Sodium Tripolyphosphate, ,8g Zinc Hydrosulfite 
.8g Caustice, 4,0g Scxia Ash, ,5ml Triton X-114, 
.8g Sodium Tripolyphosphate, ,8g Zinc Hydrosulfite 
2,4g Caustic, 4.0g Soda Ash, .5ml Triton X-114, 
.8g Sodium Tripolyphosphate, .8g Zinc Hydrosulfite 
4,0g Caustic, 4,0g Soda Ash, ,5ml Triton X-114, 
,8g Sodium Tripolyphosphate, .8g Zinc Hydrosulfite 
4.0g Caustic, 4.0g Soda Ash, ,5ml Triton X-114 • 




Values of Brightness and Yield for Each Cook 
·-
Cook Number Brightness Yield Cook Number Brightness Yield 
1 52.9 81. 6�{, 27 ,54.0 84.5% 
2 52.0 75.5% 28 54.2 87.8% 
J .51.6 72.0% 29 54. J 81.�%
4 .52.8 76.5% JO 54. � 8J.J% 
--
.5 .51.7 75.1% J1 54. 1 84.J%
6 .52.2 74.9% 32 .52.1 78 • .5% 
7 .51.4 81.4% JJ .51..5 82.2% 
8 .51.9 82.J% J4 .51.4 82.6% 
9 49.9 80.2% 35 t 51.0 81.1% 
10 48.J 79.1% J6 .50.8 78.3% 
·-
11 .52.8 84.5J� J7 49 • .5 78.1% 
-·
12 52.6 81.0% J8 50.0 80.7%, 
1J 51.6 80.9% 39 51.7 84,1% 
--
14 51.6 84.0% 4o .52.6 75.1% 
15 51.J 82.8% 41 52.3 79.4J{, 
-
16 51.1 82,7% 42 .50.7 82. (f:�
17 .50.8 8J.O% 43 49.7 78.J%
18 .50 • .5 81.J% 44 49.9 79,2% 
19 50 .9 72.1% 45 49.2 80.4% 
. ·-
20 50.8 73. 5�{, 46 53.9 71,3% 
21 49.4 79.0% 47 52.5 80.4% 
22 51.7 78. 5;<� 48 52.1 76.2% 
23 49.5 75.67; I 49 52 • .5 74.0% 
24 47.7 ??.4% 50 52.3 84.6%
2.5 _51L2 I so. 
5n�
51 50.4 79.7% 
























Cook Number Brightness Yield 
60 53.J 84.1% 
61 52.5 81.J% 
62 .52.1 79.J% 
6J 5J.4 82.4% 
64 52.9 86.0% 
6.5 .51.2 81.4% 
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CITADEL@ NO. 642 -
CROSS SECTION -
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RESULTS FOR the COOKS 
For Cooks 1-J 
The brightness decreases with increased temperature. The yield 
decreases with increased temperature. 
For Cooks 4-10 
The brightnes� decreas�s with increased tempera}ure. Tl\e yield 
increases from 100·F to 125 F and decreases from 125 F to 1.5(t'F. The 
brightness decreases with increased addition of caustic soda. The 
yeild decreases with increased addition of caustic soda. 
For Cooks 11-17 
The nrightness decreases with increased. temperature. The yield 
increases from 100 F to 125 F and decre�.ses from 125°F to 150 'ii'. The 
brightness decreased with increased addition of sodium peroxide. The 
yield remained basically constant for increased addition of sodium 
peroxide. 
For Cooks 18-24 
The brightness increases with temperature upto 125°F then it decreases 
with increased temperature. The yield decreases with temperature upto 
12.s°F then it increases with increased temperature. The brightness
decreases with increased ad.di tion of caustic soda.-· The yield decreases
with increased ad.di tion of ca 11stic until the three percent level is
reached, then the yield increases with increased addition of caustic.
For Cooks 25-31 · m The brightness increases with increased temperature until 125 F
is reached, then the brightness decreases with increased temperature. 
The yield decreases with increased temperature until 12:5°F is reached, 
then the yield increases with increased temperature. The brightness 
remains basically constant for increased additions of sodium peroxide. 
The yield remains bas:ically constant for increased ad.di tioni:; of sodium 
peroxide. 
For Cooks )2-38 
The brightness decreases with increased temperature. The yield 
de�reases with increasE::d temperature until 125°F is reached, then the 
yield increases with increased temperature. The brightness decreases 
with increased addition of caustic soda. The yield increases vith 
increased. ad.di tion ofrcaustic until the three percent level is reached., 
then the yield remains basically constant for increased addition of 
caustic soda. 
Fr"t" Cooks 39-4 5 
The brightness decreased. with increased temperature. The·yield 
increased slightly with increased temperature. The brightness increases 
with increased addition of hydrogen peroxide until the two percent 
level was reached; then the brightness decreased with increased addit:l.on. 
The yield decreased with increased addition until the two percent leval 
of hyQrogen peroxide was reached, then the yield increased with increased 
addition of hydroeen peroxide. 
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For Cooks 46-52 
The brightness decreased. with increased. temperature. The yield 
increased with increased temperature. The brightness decreased with 
increased. addition of caustic soda. The yield decreased with increased. 
addition of caustic soda. 
For Cooks 53-59 
The brightness decreased. with increased. temperature •. The yield 
increased with increased temperature. The brightness decreased. with 
increased. addition of sodium peroxide until the two percent addition 
level is reached, then the brightness increases with increased addition 
of sodium peroxide. The yield decreases with increased addition of 
sodium peroxide. 
For Cooks 60-66 
The brightness decreased with increased temperature. The yield 
increased with temperature until 125°F was reached, then the yield 
decreased with increased temperature. The brightness decreased. with 
increased addit�on of caustic soda. The yield decreased with increased 
addition of caustic soda. 
-71-
TABLE II 
Ranking of Cooks for Best Brightness 
Ranking Cook Nwnber Brightness Ranking Cook Number Brightness 
53 56.4 26 61 .52 • .5 
2 54 .56.2 27 41 .52.3 
3 56 56.0 28 .50 ~52.3 
4 57 5.5.8 29 6 .52.2 
5 .55 .55.7 JO 48 .52.1 
6 58 55.7 31 32 52.1 
7 59 5.5.6 32 62 52.1 
8 JO 54.5 33 2 52.0 
9 29 54.3 J4 8 51.9 
10 28 54.2 3.5 22 51.7 
11 25 54.2 36 5 51.7 
12 26 54.1 37 39 51.7 
13 31 54.1 38 3 51.6 
14 27 54.0 39 13 51.6 
15 46 53.9 40 14 51.6 
16 6) 53.4 41 33 .51.5 
17 60 53.3 42 7 51.4 
18 64 52.9 43 34 51.4 
19 1 .52.9 44 1.5 .51.3 
20 11 52.8 45 65 51.2 •
21 4 52,8 46 16 51.1 
22 12 .52.6 47 35 51.0 
23 40 52.6 48 19 .so .9 
24 Li,7 52.5 49 20 .50 .8 
25 49 52.5 50 17 .50 .8 
-1 
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Ranking Cook Number: Brightness 
59 4J 49.7 
60 52 49.5 
61 37 49.5 
62 2J 49.5 
6J 21 49.lf
64 45 49.2 
65 10 48.J
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Ranking of Cooks fo� Best Yield 
Cook Number Yield Ranking 
28 87.8% 26 
64 86.0% 27 
54 85.9% 28 
58 8.5.4% 29 
26 85.2% JO 
59 84.6% 31 
.50 84.6% 32 
11 84.5% 33 
27 84.5% J4 
31 84.3% 35 
60 84.1% 36 
39 84.1% 37 
14 84.0% 38 
57 83.4% 39 
JO 83.3% 40 
.55 8J.1% 41 
17 83.0% 42 
15 82.8% 4J 
16 82.7% lµ.i, 
42 82.6% 45 
J4 82.6% 46 
63 82.4% 1-1-7 
8 82.3% 48 
33 82.2% 49 
56 82.2% 50 
Cook Number Yield 
1 81.6% 
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Assume yield and brightness are of equal 1mportantance so the way to 
decide which is the best cook is to combine the yield and brightness 
rankings for each cook. The lower the value of the combined r::mking 
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